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1
METHOD OF PROCESSING CONTROL
INFORMATION IN A MOBILE
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/745,718, filed on Jan. 18, 2013, now U.S. Pat. No.
8,923,237, which is a continuation of U.S. application Ser.
No. 11/461,382, filed on Jul. 31, 2006, now U.S. Pat. No.
8,379,646, the contents of which are hereby incorporated by
reference herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control information pro-
cessing method, and more particularly, to a method of pro-
cessing control information in a mobile communication sys-
tem. Although the present invention is suitable for a wide
scope of applications, it is particularly suitable for preventing
a user equipment from standing by unnecessarily.

2. Discussion of the Related Art

FIG. 1 is a block diagram of a network structure of UMTS
(universal mobile telecommunications system).

Referring to FIG. 1, a universal mobile telecommunica-
tions system (hereinafter abbreviated UMTS) mainly
includes a user equipment (hereinafter abbreviated UE), a
UMTS terrestrial radio access network (hereinafter abbrevi-
ated UTRAN) and a core network (hereinafter abbreviated
CN).

The UTRAN includes at least one radio network sub-sys-
tem (hereinafter abbreviated RNS). And, the RNS includes
one radio network controller (hereinafter abbreviated RNC)
and at least one base station (hereinafter called Node B)
managed by the RNC. And, at least one or more cells exist in
one Node B.

FIG. 2 is a diagram of architecture of a radio protocol used
for UMTS.

Referring to FIG. 2, radio protocol layers exist as pairs in
both UE and UTRAN to take charge of data transmission in a
radio section.

The respective radio protocol layers are explained as fol-
lows.

First of all, a physical layer PHY, which is a first layer,
plays a role in transferring data to a radio section using vari-
ous radio transfer techniques. The physical layer PHY is
connected to a layer MAC as an upper layer via transport
channels. And, the transport channels are mainly classified
into dedicated transport channels and common transport
channels according to whether the corresponding channel is
shared or not.

A second layer includes MAC, RLC, PDCP and BMC
layers.

First of all, a MAC layer plays a role in mapping various
logical channels to various transport channels, respectively
and also performs a function of logical channel multiplexing
that plays a role in mapping various logical channels to one
transport channel. The MAC layer is connected to an RLC
layer of an upper layer via a logical channel. And, the logical
channel is mainly classified into a control channel for trans-
ferring information of a control plane and a traffic channel for
transferring information of a user plane according to a type of
information that is transferred.

A radio link control (hereinafter abbreviated RL.C) layer is
responsible for guaranteeing a quality of service (hereinafter
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abbreviated QoS) of each radio bearer and also takes charge
of a transfer of corresponding data. The RLC leaves one
independent RLC entity at each RB to guarantee an intrinsic
QoS of RB. The RLC offers three kinds of RLC modes
including a transparent mode (hereinafter abbreviated TM),
an unacknowledged mode (hereinafter abbreviated UM) and
an acknowledged mode (hereinafter abbreviated AM) to sup-
port various QoS. And, the RLC plays a role in adjusting a
data size to enable a lower layer to transfer data to a radio
section. For this, the RLC plays a role in segmenting and
concatenating data received from an upper layer.

A PDCP layer is placed above the RLC layer and plays a
role in transferring data, which is transferred using an IP
packet such as an IPv4 and an IPv6, efficiently in a radio
section having a relatively small bandwidth. For this, the
PDCP layer performs a header compression function, by
which information mandatory for a header of data is trans-
ferred to raise transport efficiency in a radio section. Since
header compression is a basic function of the PDCP layer, the
PDCP layer exists in a packet service domain (hereinafter
abbreviated PS domain) only. And, one PDCP entity exists for
each RB to provide an effective header compression function
to each PS service.

In the second layer, a BMC (broadcast/multicast control)
layer is provided above the RL.C layer. The BMC layer sched-
ules a cell broadcast message and performs broadcasting to
UEs located in a specific cell.

A radio resource control (hereinafter abbreviated RRC)
layer located in a lowest part of a third layer is defined in a
control plane only. The RRC layer controls parameters of the
first and second layers to be associated with establishment,
re-configuration and release of RBs and takes charge of con-
trolling logical, transport and physical channels. In this case,
the RB means a logical path provided by the first and second
layers of a radio protocol for data transfer between UE and
UTRAN. And, RB establishment means a process of regulat-
ing characteristics of radio protocol layers and channels to
offer a specific service and establishing specific parameters
and operational methods. When an RRC layer of a specific
UE and to an RRC layer of UTRAN are connected together to
exchange RRC messages with each other, the corresponding
UE lies in an RRC connected state. IF they are not connected
together, the corresponding UE lies in an idle state.

The RLC layer is further explained in detail as follows.

First of all, basic functions of the RLC layer are a QoS
guarantee of each RB and a corresponding data transfer. Since
an RB service is a service that the second layer provides to an
upper layer, the entire second layer has influence on QoS.
And, the RLC has the greatest influence. The RLC leaves an
independent RLC entity at each RB to guarantee the intrinsic
QoS of RB and offers three kinds of RLC modes of TM, UM
and AM. Since the three RLC modes differ from one another
in QoS supported by each of the TM. UM and AM, their
operational methods are different from one another as well as
their detailed functions. So, the RLC needs to be looked into
according to its operational mode.

TM RLC is a mode that any overhead is not attached to
RLC service data unit (hereinafter abbreviated SDU) deliv-
ered from a higher layer in configuring RLC protocol data
unit (hereinafter abbreviated PDU). In particular, since an
RLC transmits SDU transparently, it is called TM RLC. Due
to such a characteristic, TM RLC plays the following roles in
user and control planes. In the user plane, since data process-
ing time within RLC is short, TM RLC performs a real-time
circuit data transfer of a voice or streaming in a circuit service
domain (hereinafter abbreviated ‘CS domain’). Meanwhile,
in the control plane, since there is no overhead within RLC,
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the RLC is responsible for a transmission of an RRC message
from an unspecific UE in case of an uplink or a transmission
of'an RRC message broadcast to all UEs within a cell in case
of a downlink.

Unlike the transparent mode, a mode of adding an overhead
in RLC is called a non-transparent mode that is classified into
an unacknowledged mode (UM) and an acknowledged mode
(AM). By attaching a PDU header including a sequence num-
ber (hereinafter abbreviated SN) to each PDU to transfer, UM
RLC enables a receiving side to know which PDU is lost in
the course of transmission.

In aspect of a transmitting side RL.C, a transmitting side
operating in UM does not check whether a receiving side
receives a corresponding PDU correctly. So, the transmitting
side does not transmit a PDU that was transmitted once. In an
aspect of a receiving side RLC operating in UM, a receiving
side checks which PDU is lost through a sequence number of
a received PDU. The receiving side does not further expect a
reception of the PDU decided as lost and immediately deliv-
ers the successfully received SDU to an upper layer. For
instance, if a specific UM RLC receives an RL.C PDU having
a sequence number of ‘6’ after having received an RLC PDU
having a sequence number of ‘3’ the corresponding UM RLC
decides that a reception of an RL.C PDU having a sequence
number of ‘4’ or 5’ fails and does not expect a further recep-
tion of the PDUs any more.

Owing to this function, the UM RLC is mainly responsible
for a transmission of real-time packet data such as a broad-
cast/multicast data and a voice (e.g., VoIP) or streaming of a
packet service domain (hereinafter abbreviated PS domain)
in a user plane or a transmission of an RRC message needing
no acknowledgement among RRC messages transmitted to a
specific UE or a specific UE group within a cell in a control
plane.

Like the UM RLC, an AM RLC as one of the non-trans-
parent modes configures a PDU by attaching a PDU header
including an SN thereto. Yet, the AM RLC differs from the
UM RLC in that a receiving side makes acknowledgement to
a PDU transmitted by a transmitting side. The reason why the
AM RLC of the receiving side makes acknowledgement is
because the receiving side can make a request for a retrans-
mission of a missing PDU by the transmitting side. And, this
retransmission function is the most outstanding feature of the
AM RLC. So, the object of the AM RLC is to guarantee an
error-free data transmission through the retransmission.
Owing to this object, the AM RLC mainly takes charge of a
transmission of non-real-time packet data such as TCP/IP of
PS domain in a user plane.

The UM RLC is explained in detail as follows.

First of all, the UM RLC establishes and manages the
following environmental variables.

First ofall, VR(US) indicates a next reception number. This
value means a value right next to an SN value of a last received
RLC PDU. Namely, if an SN value of x’ is received, VR(US)
is setto ‘x+1°.

In case of receiving RLC SDUs (service data units) from an
upper layer (e.g., an upper layer of UM RL.C), a UM RLC of
a transmitting side generates an RL.C PDU by adjusting the
received RLC SDUs into a suitable size by segmentation and
concatenation and then delivers the generated RLC PDU to a
lower layer (e.g., alower layer of the UM RLC). And, the UM
RLC includes a length indicator (hereinafter abbreviated L),
which indicates a position of a boundary of RLC SDU within
the RLC PDU, in order to enable a receiving side to recover
the RLC SDUs from the RLC PDU.

In this case, a sequence number SN is represented as 7 bits.
By representing the SN in a simple from, it is able to raise a
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transport efficiency of data to be delivered in a manner of
reducing a header part from each RLC PDU. Hence, sequence
numbers substantially transferred by being included in the
RLC PDU are values belonging to a range between 0~127.
So, the transmitting side sequentially assigns sequence num-
bers to the respective RLC PDUs from zero to use and then
assigns sequence numbers from zero to reuse after assigning
127. Like this, a case that a sequence number starts to be
reused from such a lower value as zero from a higher value of
‘127’ can be regarded as a case that ‘wrap-around’ has
occurred. Hence, RL.C PDUs after the occurrence of “wrap-
around’ are the RLC PDUs that must be delivered behind
RLC PDUs prior to the occurrence of ‘wrap-around’.

The receiving side always checks the SN of the received
RLCPDU. Ifthe SN of the received RLC PDU is smaller than
that of the last received RL.C PDU, the receiving side decides
that ‘wrap-around’ has occurred. And, the entire RLC PDUs
received after the ‘wrap-around’ occurrence are regarded as
RLC PDUs generated behind the previously received RL.C
PDU.

FIG. 3 is a flowchart of a process for receiving RLC PDU
from a lower layer in a UM RLC operation of a receiving side
according to a related art.

Referring to FIG. 3, a receiving side receives an RLC PDU
having an SN value (S300).

Subsequently, VR(US) is reset to correspond to the SN
value of the received RLC PDU (S301).

If an updated width of the VR(US) value is not ‘1” in the
step S301, it is decided that there exists a lost RLC PDU
(S302). RLC SDUs associated with the RLC PDUs decided
as lost are then deleted (S303).

If an updated width of the VR(US) value is ‘1°, the follow-
ing steps are executed.

First of all, after a recovery process has been carried out
using the successfully received RLC PDUs, successfully
recovered RLC SDUss are delivered to an upper layer of RLC
(S304).

After the delivery (S304), the whole process is ended
(S305).

An RRC state and connection method of a UE are
explained in detail as follows.

First of all, an RRC state means whether an RRC of UE is
in a logical connection to an RRC of UTRAN. If the RRC of
the UE is in the logical connection to the RRC of the UTRAN,
it is called an RRC connected state. Otherwise, it is called an
RRC idle state.

Since there exists an RRC connection for a UE in an RRC
connected state, a UTRAN is able to recognize an existence of
the corresponding UE by a cell level. Hence, the UTRAN is
able to effectively control the UE. Yet, a UTRAN is unable to
recognize an existence of a UE in an RRC idle state. A core
network (hereinafter abbreviated CN) manages the corre-
sponding UE by a location area level or a routing area level
that is an area unit greater than a cell. In particular, an exist-
ence or non-existence of an UE in an RRC idle state can be
just recognized by a large area unit. And, the UE in the RRC
idle state has to enter an RRC connected state to receive a
general mobile communication service such as a voice and
data.

When a user turns on a power of UE for the first time, the
UE preferentially makes a search for a suitable cell and then
stays in an RRC idle state at the corresponding cell. The UE
in the RRC idle state establishes an RRC connection with an
RRC of UTRAN through an RRC connection procedure if
necessary for the RRC connection. The UE then makes a
transition to an RRC connected state.
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There are several cases for a UE in an RRC idle state to
establish an RRC connection. For instance, the RRC connec-
tion is established if an uplink data transport is needed due to
a user’s attempt to make a call or the like. For another
instance, the RRC connection is established if a paging mes-
sage is received from UTRAN.

In order for a UE in an RRC idle state to establish an RRC
connection with UTRAN, the above-explained RRC connec-
tion procedure needs to be executed.

The RRC connection procedure mainly consists of the
three steps of an RRC connection request message transmis-
sion to a UTRAN from a UE, an RRC connection setup
message transmission to the UE from the UTRAN and an
RRC connection setup complete message transmission to the
UTRAN from the UE. This RRC connection procedure is
shown in FIG. 4.

FIG. 4 shows a flowchart of an RRC connection procedure
according to a related art.

Referring to FIG. 4, an RRC connection request step
(S401) is explained as follows.

Firstofall, ifa UE in an RRC idle state attempts to establish
an RRC connection due to a calling trial, a response to a
paging ofa UTRAN or the like, the UE preferentially sends an
RRC connection request message to the UTRAN.

In this case, the RRC connection request message contains
an initial UE identity, an RRC connection establishment
cause and the like.

The initial UE identity is a unique identity of the UE and
enables the corresponding UE to be globally identified
regardless of the UE’s location. And, there are various kinds
of'the RRC connection establishment causes such as a calling
trial, a response to a paging and the like.

The UE drives a timer as soon as transmits the RRC con-
nection request message. The UE retransmits the RRC con-
nection request message unless receiving an RRC connection
setup message or an RRC connection reject message from the
UTRAN until the timer expires. IN this case, a maximum
transmission count of the RRC connection message is limited
to a specific value.

An RRC connection setup step (S402) is explained as
follows.

The UE having received the RRC connection request mes-
sage accepts an RRC connection request made by the UE if
radio resources are sufficient. The UE then transmits an RRC
connection setup message as a response message to the UE. In
this case, the RRC connection setup message is transmitted
by including a radio network temporary identity (hereinafter
abbreviated RNTI), radio bearer setup information and the
like together with the initial UE identity. And, the radio net-
work temporary identity is a UE identity that enables the
UTRAN to identify the UE in the RRC connected state. The
identity is used only if there exists an RRC connection. And,
the identity is used within the UTRAN only.

After the RRC connection has been set up, the UE com-
municates with the UTRAN using the radio network tempo-
rary identity instead of using the initial UE identity. If the
initial UE identity, which is the unique identity of the UE, is
frequently used, it may be drained away. So, the initial UE
identity is temporarily used in the RRC connection proce-
dure. Thereafter, the radio network temporary identity is
used.

And, an RRC connection setup complete step (S403) is
explained as follows.

First of all, the UE having received the RRC connection
setup message checks whether the received message is a
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message supposed to be sent to the UE itself in a manner of
comparing the initial UE identity included in the message to
its identity.

Ifthe message is the message supposed to be sent to the UE
itself as a result of the check, the UE stores the radio network
temporary identity assigned by the UTRAN and then trans-
mits an RRC connection setup complete message to the
UTRAN using the stored radio network temporary identity. In
this case, UE capability information and the like are included
in the RRC connection setup complete message.

In case of transmitting the RRC connection message suc-
cessfully, the UE establishes the RRC connection with the
UTRAN for the first time and then makes a transition to an
RRC connected state.

Meanwhile, the RRC connection request message is trans-
mitted on a random access channel (hereinafter abbreviated
RACH), whereas the RRC connection setup message is trans-
mitted on a forward access channel (hereinafter abbreviated
FACH).

However, a network is unable to recognize an existence of
the UE until the RRC connection setup is completed. So, the
UE sends the RRC connection request message as a first
message using the RACH shared by all UEs. And, the RACH
is delivered to a connection management end of the network
via a logical channel called a common control channel (here-
inafter abbreviated CCCH) shared by the entire UEs. Like-
wise, a first message delivered to the UE from the network is
delivered on a channel received by the entire UEs in common.
Moreover, since a connection setup method and channel
information corresponding to the UE only are included in the
RRC connection setup message as the first message, the net-
work is able to deliver the message to the corresponding UE
via a common channel only until the UE receives the RRC
connection setup message. In this case, the RRC connection
setup message is delivered on CCCH. And, this message is
transmitted in a UM RLC mode.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a method
of'processing control information in a mobile communication
system that substantially obviates one or more problems due
to limitations and disadvantages of the related art.

An object of the present invention is to provide a method of
processing control information in a mobile communication
system, by which an RRC connection setup can be quickly
completed.

Another object of the present invention is to provide a
method of processing control information in a mobile com-
munication system, by which control information can be
processed without an unnecessary standby of a mobile termi-
nal.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a method of processing control
information in a mobile communication system according to
the present invention includes the steps of receiving a plural-
ity of protocol data units transmitted plural time from a trans-



US 9,078,254 B2

7

mitting side via one common logical channel by an RLC
(radio link control) entity operating in a UM (unacknowl-
edged mode) and having a receiving window and a timer,
re-ordering a plurality of the received protocol data units
using sequence numbers of a plurality of the received proto-
col data units, the receiving window and the timer, reassem-
bling at least one service data unit by processing a plurality of
the re-ordered protocol data units, and delivering the at least
one service data unit.

In another aspect of the present invention, a method of
processing control information in a mobile communication
system includes the steps of transmitting a first control mes-
sage for a control of a radio resource to a network, observing
a specific channel receiving from the network a second con-
trol message indicating whether it received the first control
message, and retransmitting the first control message to the
network according to a result of the observing step.

In another aspect of the present invention, a method of
processing control information in a mobile communication
system includes the steps of deciding whether a first control
message for a control of a radio resource is received from a
mobile terminal, transmitting a second control message indi-
cating whether it received the first control message to the
mobile terminal via a specific channel according to a result of
the deciding step, and re-receiving the first control message
from the mobile terminal according to whether the mobile
terminal receives the second control message.

In another aspect of the present invention, a method of
processing control information in a mobile communication
system includes the steps of receiving at least one protocol
data unit from a lower layer, if at least one service data unit
fails to be recovered from the at least one received protocol
data unit, deciding whether a specific area of the at least one
service data unit is successfully received, and delivering data
including the specific area to an upper layer according to a
result of the deciding step.

In another aspect of the present invention, a method of
processing control information in a mobile communication
system includes the steps of transmitting a control message
fora control of aradio resource to a network, receiving at least
one data protocol unit corresponding to a response message
for the control message and including an identity for identi-
fying a specific user equipment from the network, deciding
whether at least one service data unit can be recovered from
the at least one received protocol data unit, and retransmitting
the control message according to a result of the deciding step.

In a further aspect of the present invention, a method of
processing control information in a mobile communication
system includes the steps of receiving a control message for a
control of a radio resource from a mobile terminal, including
an identity for identifying a specific terminal in at least one
protocol data unit corresponding to a response message for
the control message, transmitting the at least one protocol
data unit to the mobile terminal, and re-receiving the control
message from the mobile terminal according to whether the
mobile terminal successfully receives the at least one protocol
data unit.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
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porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a block diagram of a network structure of UMTS
(universal mobile telecommunications system);

FIG. 2 is a diagram of architecture of a radio protocol used
for UMTS;

FIG. 3 is a flowchart of a process for receiving RLC PDU
from a lower layer in a UM RLC operation of a receiving side
according to a related art;

FIG. 4 shows a flowchart of an RRC connection procedure
according to a related art; and

FIG. 5 is a flowchart of a re-ordering procedure according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

First Embodiment

A signal transmitting/receiving method according to a first
embodiment of the present invention is able to enhance the
related art RRC connection setup procedure.

As mentioned in the foregoing description, an RRC con-
nection setup message is transmitted via CCCH. In this case,
the CCCH is used by a UM RLC. In doing so, messages are
delivered via a common physical channel since a physical
channel for a specific UE is not established. Namely, the RRC
connection setup message is not delivered to a intended UE,
via a dedicated physical channel. Hence, it is less probable
that the corresponding UE will receive the message correctly.

Despite that a UE transmits an RRC connection request
message, that a network successfully receives the RRC con-
nection request message and that the network correctly trans-
mits an RRC connection setup message to the UE, It may
frequently happen that the UE fails to receive the RRC con-
nection setup message due to a CCCH’s characteristic as a
common channel and a UM RLC’s characteristic of not
receiving ACK. In this case, after waiting for an expiration of
a T300 timer, if failing to receive the RRC connection setup
message until the expiration, the UE again transmits the RRC
connection request message to the network. Since the T300
timer is actually set to 4 seconds in a UMTS system, a 4-sec-
ond connection delay takes place each time the UE fails in
receiving the RRC connection setup message. This connec-
tion delay provides a bad quality to a user.

A signal transmitting/receiving method according to an
embodiment of the present invention proposes a method of
transmitting a message to a UE from a network more reliably
and quickly. In the embodiment of the present invention, in
case that a network delivers an RRC message to a UE via a
common physical channel or a common transfer channel, an
RLC entity transmits RLC PDUs, which are generated for one
RLC SDU, at least once.

In particular, the present invention proposes a method that,
in case of receiving an RRC message via a common physical
channel or a common transfer channel, a UE is able to cor-
rectly recover RL.C SDUs to deliver to an upper layer in spite
of receiving the same RLC PDUs plural times.

In particular, the present invention proposes an RLC entity
that is operated using a re-ordering timer and a receiving
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window. Namely, in the present embodiment, the receiving
window is used so that RLC PDUs can be sequentially stored
according to SN in spite of being transmitted plural times.
And, in the present embodiment, in case of using the receiv-
ing window, the re-ordering timer is used to prevent an opera-
tion from being delayed in the course of standing by for a
reception of a specific RLC PDU.

In particular, in the above process, the present invention
proposes that a network transmits the message via an RL.C in
an unacknowledged mode.

Preferably, in the above process, it is proposed that the
network is an RNC. Preferably, in the above process, it is
proposed that the RRC message is mapped to a common
logical channel. Preferably, in the above process, it is pro-
posed that the common logical channel is CCCH.

Preferably, in the above process, it is proposed that the
RRC message is delivered via a common transfer channel.
Preferably, in the above process, it is proposed that a common
logical channel is mapped to the common transfer channel.
Preferably, in the above process, it is proposed that the com-
mon transfer channel is FACH.

Preferably, in the above process, it is proposed that the
common transfer channel is mapped to the common physical
channel. Preferably, in the above process, it is proposed that
the RRC message is delivered via the common physical chan-
nel. Preferably, in the above process, it is proposed that the
common physical channel is S-CCPCH (secondary common
control physical channel).

More specifically, the present invention proposes that a
network should transmit an RRC message plural times to
raise an RRC message reception success probability of a UE.

For this, the present invention proposes an RLC entity
operating method for a case that a UE receives the same RLC
PDU at least once via one common channel. Namely, in case
that a UM RLC receives the same RLC PDU for the same
RLC SDU plural times, the present embodiment proposes a
method of processing the received RL.C PDU using a receiv-
ing window and a re-ordering timer.

Preferably, the RLC PDU processing method using the
receiving window means a processing method that the UM
RLC manages a range of SN values of the RLC PDU that is
expected to be received by the UM RLC itself based on the
received RLC PDU.

Preferably, in case that the RL.C PDU received by the UM
RLC remains in the receiving window by not being reserved
for reassembly, the RLC PDU processing method using the
re-ordering timer means a method of processing the RLC
PDU regardless of a reception of another PDU after duration
according to the operated re-ordering timer.

Preferably, in case of receiving a re-ordering indication
from an upper layer, the UM RLC operates by deciding that
the same RLC PDU can be received via the channel at least
once. In case of not receiving re-ordering indication from an
upper layer, the UM RLC operates by deciding that the same
RLC PDU can be received just once for one logical channel
like the related art method.

Preferably, the UE will receive information for the re-
ordering indication from a network. When UEs receive the
RRC messages via system information, the network notifies
information indicating whether the UEs execute the re-order-
ing. An RRC of the UE informs an RLC how the UE operates
via the re-ordering indication based on the information.

In other words, in case of attempting to perform a more
reliable RRC message transmission, the network notifies that
a re-ordering function is used in sending the RRC message,
via a channel and message for delivering the system informa-
tion. If the network does not send the RRC message using the
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re-ordering function, the network notifies that the re-ordering
function is not used via the system information or does not
notify whether to use the re-ordering function.

If the system information instructs that the re-ordering
function is used for the transmission of the RRC message, the
UE uses the re-ordering function after having received the
system information. In particular, the UE processes the RLC
entity mapped to the channel carrying the RRC message
using the re-ordering function. Yet, in case of receiving the
system information instructing that the re-ordering function
is not used (e.g., a case that a deactivation of the re-ordering
function in the RRC message transmission is instructed or
that the information indicating whether to activate the re-
ordering function is not provided), the UE does not use the
re-ordering function. In particular, the RLC entity mapped to
the channel carrying the RRC message is processed not using
the re-ordering function.

A presence or non-presence of the activation of the re-
ordering function can be identified according to a release
number instructed by the system information. In particular, if
the system information instructs that a communication speci-
fication is the 3GPP release-7 or the 3GPP release-8, it is able
to activate the re-ordering function.

In case of using the re-ordering function, it is preferable
that the network provides various setup values for the re-
ordering function. In this case, the setup values include a size
of a receiving window, a timer value of a re-ordering timer
and the like. In case of receiving the setup values via the
system information, the UE performs a setup for the RLC
entity using the received values.

The above-explained embodiment of the present invention
is explained with reference to FIG. 5 as follows.

FIG. 5 shows an example of a method of setting a receiving
window and a re-ordering timer.

Variables for the receiving window and re-ordering timer
proposed by the present invention are explained in the fol-
lowing description.

Firstof all, a receiving window corresponds to arange of an
SN value of an RLC PDU received and processed by an RLC
entity. The range of the receiving window is equal to or
greater than a value resulting from subtracting a receiving
window size from VR(UDH) that will be explained later.

The receiving window size is a value that indicates a size of
the receiving window.

VR(UDR) indicates a reception standby number of the
receiving window. This value is used in case that a re-ordering
is set. And, this value means a value next to an SN value of a
last RL.C PDU that is sequentially received. An initial value of
the VR(UDR) is determined in a following manner. First of
all, if VR(UDH) is set according to an RL.C PDU that is first
received after initialization of the RLC entity, the initial value
of'the VR(UDR) is set to a value resulting from adding ‘1’ to
a value of subtracting a value of the receiving window size
from a value of the VR(UDH).

VR(UDH) indicates a maximum reception number of a
receiving window. This value is used in case that a re-ordering
is set. This value means an upper limit value of a receiving
window in a UM RLC. And, this value means a value next to
a greatest value of an SN value of a received RLC PDU. Ifan
RLC PDU having an SN (=x) deviating from a range of a
previously set window is received, VR(UDH) is determined
in a following manner. If an RLC PDU, which is ‘x’, is
received, VR(UDH) is set to a value resulting from adding ‘1°
to ‘x’. Aninitial value of VR(UDH) is determined as an SN of
an RLC PDU that is first received after initialization of an
RLC entity.



US 9,078,254 B2

11

VR(UDT) indicates a timer instruction number. This value
is used only if a re-ordering is set. This value is set to an SN
value corresponding to an RLLC PDU of which re-ordering
timer is set. And, an initial value is zero.

In a present embodiment, a UM RLC receives a new RLC
PDU from a lower layer. According to whether a re-ordering
is activated, if the re-ordering is not set up, the UM RLC
operates as the related art UM RLC does. If the re-ordering is
set up, the UM RLC operates according to an SN value of a
received RLC PDU, a receiving window and a re-ordering
timer (S1).

In the above procedure, the meaning that the UM RLC
operates like the related art UM RLC indicates that VR(US) is
updated according to an SN value of a received RLC PDU,
that it is decided that there is a lost PDU if an update width of
the VR(US) is not ‘1°, that RLC PDUs associated with the
RLC PDUs decided as lost are deleted, and that RLC PDUs
decided as successfully received are recovered to be delivered
to an upper layer. In the above procedure, if the update width
of'the VR(US) is “1”, it is decided that there is no lost PDU.
RLC PDUs are recovered based on the received RLC PDUSs.
The recovered RLLC PDUs are then delivered to an upper
layer.

AnRLC SDU associated with a specific PDU indicates the
RLC SDU if partial data of the RL.C SDU or a length indica-
tion (L]) indicating an end of the RLC SDU is included in the
specific RLC PDU.

The meaning of the above described ‘UM RLC operates
according to SN of RLC PDU, receiving window and re-
ordering timer (S1)’ is explained as follows.

First of all, a UM RLC checks a newly received RLC PDU
using an SN value of the RLC PDU, a receiving window and
a reception standby number (VR(UDR)) and the correspond-
ing RL.C PDU is then processed according to a result of the
check (S2). The RL.C PDU is additionally processed accord-
ing to a presence or non-presence of RLC PDU of which SN
value is VR(UDR) (S3). Thereafter, a re-ordering timer is
additionally processed (S4). Finally, an RLC PDU, of which
reassembly is reserved, is additionally processed (S5).

In the above procedure, the meaning of ‘a UM RLC checks
a newly received RLC PDU using an SN value of the RL.C
PDU, a receiving window and a reception standby number
(VR(UDR)) and the corresponding RLLC PDU is then pro-
cessed according to a result of the check (S2)’ is explained as
follows.

First of all, a UM RLC checks whether an SN value of a
received RL.C PDU is located within a receiving window.

If'the SN value of the received RLC PDU is located within
the receiving window and if the SN value is smaller than
VR(UDR) or if an RL.C PDU corresponding to the SN value
is received in advance, the corresponding RLC PDU is
deleted.

Otherwise, the corresponding RLC PDU is placed at a
position indicated by the SN value of the RL.C PDU within the
receiving window.

If the SN value of the received RLC PDU is not located
within the receiving window, the received RLC PDU is placed
at a position indicated by the SN value of the RLC PDU. And,
by setting a value of VR(UDH) to the SN value of the RLC
PDU, a position of the receiving window is updated.

Subsequently, RLC PDUs of which SNs deviate from a
range of the updated receiving window (i.e., RLC PDUs of
which SNs do not exist between a lower limit value resulting
from subtracting a value of a receiving window size from
VR(UDH) and an upper limit value of VR(UDH)) among
PDUs stored in a receiving buffer provided to a UE are
reserved for reassembly. If VR(UDR) is smaller than the
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updated receiving window, VR(UDR) is updated into a value
resulting from subtracting the receiving window size from
VR(UDH).

In the above procedure, the meaning of “The RL.C PDU is
additionally processed according to a presence or non-pres-
ence of RL.LC PDU of which SN value is VR(UDR) (S3)’ is
explained as follows.

First of all, if an RLC PDU having a specific SN value
exists within a receiving window, RL.C PDUs ranging from
the RLC PDU to a first RLC PDU that is not sequentially
received are reserved for reassembly. And, a value of
VR(UDR) is updated into an SN value of the first RLC PDU
that is not sequentially received.

Inthe above procedure, the meaning of “a re-ordering timer
is additionally processed (S4)’ is explained as follows.

Firstofall, if a re-ordering timer, which is operating, exists,
a UM RLC checks whether an RL.C PDU having an SN value
of VR(UDT) is reserved for reassembly. If the corresponding
RLC PDU is reserved for reassembly according to a result of
the check, the re-ordering timer is stopped.

Subsequently, the UM RLC again checks whether a re-
ordering timer, which is operating, exists. If there is no re-
ordering timer that is operating as a result of the check, the
UM RLC checks whether there are RLC PDUs which exist
within a receiving buffer and of which reassembly is not
reserved. If there are RLC PDUs which exist within a receiv-
ing buffer and of which reassembly is not reserved, a re-
ordering timer is re-driven for a RLC PDU corresponding to
ahighest SN value among the PDUs and VR(UDT) is updated
into the SN value of the RLC PDU.

In the above procedure, the meaning of ‘an RLC PDU, of
which reassembly is reserved, is additionally processed (S5)’
is explained as follows.

First of all, for an RLC PDU of which reassembly is
reserved, if there are RLC PDUs failing to be received, RLC
SDUs associated with the RLC PDUs failing to be received
are deleted. RLC SDUs are recovered (i.e., reassembled)
based on RLLC PDUs having been received. The recovered
RLC PDUs are then delivered to an upper layer. In this case,
an RLC SDU associated with a specific RLC PDU means an
RLCPDU corresponding to a case that partial data of the RLC
SDU or an LI (length indication) indicating an end of the RLC
PDU is included in the specific RLC PDU.

In the above procedures, if the re-ordering timer expires at
any time, a reservation is made to reassemble RLC PDUs
equal to or smaller than the VR(UDT) value. A reservation is
made to reassemble RL.C PDUs ranging from the RLC PDU
of VR(UDT) to the first RLC PDU not sequentially received.
And, the VR(UDR) is updated to the SN value of the first RLC
PDU that is not sequentially received.

As aresult of completion of the above procedures, if there
are RLC PDUs which exist within the receiving buffer and of
which reassembly is not reserved, the re-ordering timer is
re-driven for the RLC PDU corresponding to the highest SN
value among the PDUs. And, the VR(UDT) is updated into
the SN value of the RLC PDU. If the PDU of the SN corre-
sponding to the VR(UDT) is removed from the receiving
buffer, the re-ordering timer is stopped. When RL.C PDUs are
stacked in the receiving buffer, if the re-ordering timer is not
activated, the re-ordering timer starts to operate and the
VR(UDT) is designated as the SN value of the PDU.

FIG. 5 shows a detailed example of implementing the
above-explained operations through the variables. Individual
steps shown in FIG. 5 are explained in detail as follows.

First of all, an RLC PDU of which SN value is ‘RSN’ is
received from a lower layer of a UM RLC (S5010).
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If'a re-ordering is set up (S5020), the operation is executed
from a step S5050. If the re-ordering is not set up (S5020), the
operation is executed from a step S5030.

Subsequently, VR(US) is updated (S5030). If an update
width of VR(US) is not ‘1’ (S5031), SDUs associated with
PDUs decided as lost are deleted (S5032). In this case, RLC
PDUs decided as lost means the RLC PDUs each of which has
a sequence number equal to or greater than the VR(US) prior
to the update or smaller than ‘RSN”.

RLC SDU is recovered using a received RLC PDU. The
recovered RLC PDU is delivered to an upper layer (S5040). A
procedure is then ended (S5041).

If ‘RSN is not included in an area of a receiving window
(S85050), the operation is executed from a step S5070. If
‘RSN’ is included in the area of the receiving window
(85050), the operation is executed from a step S5060.

If ‘RSN’ is smaller than VR(UDR) or if a received RLC
PDU is the PDU that was previously received (S5060), the
corresponding RLLC PDU is deleted (S5062). Otherwise, the
corresponding RLLC PDU is placed at a position instructed by
‘RSN’ within a receiving buffer (S5061). The operation is
then executed from a step S5100.

A received RLC PDU is placed at a position instructed by
‘RSN’ and VR(UDH) is then updated into a value resulting
from adding ‘1” to ‘RSN’ (S5070).

RLC PDUgs, each of which has an SN value smaller than an
updated receiving window (i.e., each of which is located
outside the receiving window), are reserved for reassembly
(S5080).

If VR(UDR) is located below the updated receiving win-
dow (S5090), VR(UDR) is updated into a value resulting
from subtracting a receiving window size from VR(UDH)
(S5091).

Ifan RL.C PDU corresponding to VR(UDR) is not stored in
the receiving buffer (S5100), the operation is executed from a
step S5120. Otherwise, the operation is executed from a fol-
lowing step (S5110).

RLC PDUs ranging from an RL.C PDU corresponding to
VR(UDR) to a first RLC PDU that is not sequentially
received within the receiving buffer are reserved for reassem-
bly (S5110). Subsequently, VR(UDR) is updated into an SN
value of the first RLC PDU that is not sequentially received
(S5111).

If a re-ordering timer is not activated (S5120), the opera-
tion is executed from a step S5140. Otherwise, the operation
is executed from a step S5130.

Ifan RLC PDU corresponding to VR(UDT) is reserved for
reassembly (S5130), the re-ordering timer is stopped
(S5131).

If the re-ordering timer is operating (S5140), the operation
is executed from a step S5170. Otherwise, the operation is
executed from a step S5150.

If there is an RLC PDU stored in receiving buffer and not
reserved for reassembly (S5150), the operation is executed
from a step S5160. Otherwise, the operation is executed from
a step S5170.

The re-ordering timer is driven for an RLC PDU having a
greatest SN value among RLLC PDUs not reserved for the
reassembly within the receiving buffer and VR(UDT) is set to
the SN value of the PDU (55160, S5161).

For RLC PDUs of which re-ordering is reserved, RLC
SDUs associated with RLC PDUs decided as lost are deleted.
For RLC PDUs having been received, RLC SDUs are recov-
ered. The recovered RLLC PDUs are delivered to an upper
layer. The operation is then ended (S5170).

The above-explained whole operation is summed up as
follows.
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First of all, as mentioned in the foregoing description, a
receiving window is used as a means for processing a repeat-
edly received UM RLC PDU. In particular, a repeatedly
received UM RLC PDU is processed using VR(UDR) indi-
cating a position of a sequentially received RLC PDU,
VR(UDH) indicating an upper limit of the receiving window
and a size of the receiving window.

In case of using the receiving window, if there is a first
received RLC PDU, the first received RLC PDU is stored and
an area of the receiving window is updated. If there is an RL.C
PDU that is received repeatedly or sequentially in advance,
the corresponding RLLC PDU is deleted. In this case, upper
and lower limits of the receiving window are updated to
manage RLC PDUs that are not sequentially received.

In case of using the receiving window, if specific RLC
PDUs are received plural times or sequences of the specific
RLC PDUs are not sequential, it is advantageous that the
PDUs can be sequentially stored. Yet, in this case, it may
happen that an RLC PDU of which reception is impossible is
waited for endlessly. So, RLC PDUs failing to be received
within a time limit according to a re-ordering timer and their
associated RLC SDUs are deleted. In particular, according to
an operation of the re-ordering timer, RL.C PDUs having SNs
equal to or smaller than VT(UDT) are regarded as reception-
impossible RLLC PDUs and are then deleted.

In the above process, an operation of a network should
consider a UE failing to support are-ordering function as well
as a UE supporting the re-ordering function. In this case, the
UE failing to support the re-ordering function means a UE
performing an operation of the related art UM RLC. This UE
always wishes that an SN of a received RLC PDU should be
incremented by ‘1’ each time. And, this UE assumes that a
loss of an RL.C PDU takes place if an increment of the SN
exceed ‘1°. Hence, in case that the network supports the
re-ordering function, if a transmission sequence of RLC
PDUs for one RLC SDU is randomly changed, the UE failing
to support the re-ordering function is unable to per form a
reception correctly.

Therefore, the present invention intends to propose a
method of transmitting RRC messages correctly to a UE for
which an RLC entity of a network supporting a re-ordering
function does not support the re-ordering function.

In particular, the present invention proposes that RLC
PDUs for one RL.C SDU should be sequentially transmitted.
For instance, if PDUs configuring RL.C SDU 1 include RL.C
PDU 1, RLC PDU 2 and RLC PDU 3, the RLC PDUs are
always transmitted to a UE in sequence of RLC PDU1—=RLC
PDU 2—RLCPDU 3. Even if one RLC PDU is transmitted at
least twice, the present invention proposes that the RLC
PDUs should be transmitted in sequence of RLC PDU
1-RLC PDU 2—RLC PDU 3—RLC PDU 1-—-RLC PDU
2—RLC PDU 3.

In transmitting a message from a network to a UE, if RLC
PDU is transmitted plural times, the present invention pro-
poses that one RLC PDU should be consecutively transmitted
as many as a count of retransmissions. For instance, if RLC
PDUs include RLC PDU 1, RLC PDU 2 and RLC PDU 3 and
if one RLC PDU is transmitted twice each, the present inven-
tion proposes that the RL.C PDUs should be transmitted in a
manner of RLC PDU 1--RLC PDU 1-RLC PDU 2—RLC
PDU 2—RLC PDU 3—RLC PDU 3.

In transmitting consecutive RRC messages, if one targets a
UE supporting a re-ordering and if the other targets a UE not
supporting a re-ordering, the present invention proposes that
parts of two messages should not be included in one RL.C
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PDU. In particular, the present invention proposes that parts
ofat least two RLC SDUs should not be included in one RLC
PDU.

And, the present invention proposes that a re-ordering
function should be selectively used. In particular, the present
invention proposes that a network should use a function of
transmitting one RLC PDU several times to a UE supporting
a re-ordering function only based on release information of
UE or information indicating a presence or non-presence of a
re-ordering function supported by the UE. For this, the
present invention proposes that a UE should inform a network
of a presence or non-presence of its re-ordering function
support in RRC connection.

Second Embodiment

A second embodiment according to the present invention
proposes a method of preventing a UE from awaiting a
response made by a network unnecessarily long.

In particular, if an RRC message sent by a UE is not
received by a network, it is meaningless for the UE to await a
response from the network.

For instance, a UE awaits a response from a network after
having sent an RRC connection request message. [f thereisno
response until a retransmission timer expires, the UE sends
the RRC connection request message again. In this case, if the
RRC connection request message sent by the UE is not cor-
rectly forwarded to the network, it is meaningless for the UE
to await the response made by the network. Hence, the UE
preferably retransmits an RRC message such as an RRC
connection request message and the like right after having
recognized that a message transmitted by the UE itselfhad not
been correctly forwarded to the network.

For this, in case of sending an RRC message on an uplink
shared channel, if there is no response from a network within
a predetermined time to indicate that the message has been
correctly received, a UE retransmits the RRC message.

Preferably, in the above process, the present invention pro-
poses that the network should include an RNC. Preferably, in
the above process, the present invention proposes that the
RRC message should be mapped to a common logical chan-
nel. More preferably, in the above process, the present inven-
tion proposes that the common logical channel should include
CCCH (common control channel).

Preferably, in the above process, the present invention pro-
poses that the RRC message should be transferred via a com-
mon transfer channel. More preferably, in the above process,
the present invention proposes that the common logical chan-
nel should be mapped to the common transfer channel. More
preferably, in the above process, the present invention pro-
poses that the common transfer channel should include
RACH (random access channel).

Preferably, in the above process, the present invention pro-
poses that the common transfer channel should be mapped to
a common physical channel. More preferably, in the above
process, the present invention proposes that the RRC message
should be transferred via the common physical channel. More
preferably, in the above process, the present invention pro-
poses that the common physical channel should include
PRACH (physical random access channel).

In the above process, in case of receiving the RRC message
from the UE, the network immediately makes a response to
the received message. And, the response can be made in
various ways.

In a first example of making a response immediately, in
case of receiving a message from a UE via the channels, a
network immediately transmits acknowledgement to the UE.
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For instance, in case of receiving an RRC connection request
message, a network informs the UE that it has received the
RRC connection request message. The UE, which has
received this information, then stands by until receiving a
response message for the RRC message from the network.
For instance, the UE having transmitted an RRC connection
request message receives an acknowledgement for the trans-
mitted message and then awaits an RRC connection setup
message.

In the above process, in case of not receiving the acknowl-
edgement from the network within a predetermined time after
having transmitted the RRC message via the channel, the UE
immediately retransmits the RRC message.

It should be noted that the acknowledgement information
means the information indicating whether the network has
received the RRC message sent by the UE successfully. For
instance, the related art RRC connection setup message,
which is the message for the RRC connection instead of
indicating a presence or non-presence of a successtul recep-
tion of a response message for an RRC connection request
message, id discriminated from the acknowledgement infor-
mation.

Preferably, in the above process, the acknowledgement
message sent by the network to the UE is an RRC message.

Preferably, in the above process, the present invention pro-
poses that the network should use a special physical channel
to send the acknowledgement for the RRC message transmit-
ted by the UE.

In a current transmission on RACH, a preamble part is
acknowledged via a channel called AICH (acquisition indi-
cation channel). So, a response for a message part transmitted
by a UE can be transmitted to the UE only via a channel
physically specified to a specific UE. In particular, an
acknowledgement can be made via a physical channel for a
specific UE only.

For instance, in case of receiving an RRC connection
request message, a network informs a UE that it has received
the RRC connection request message using a physical chan-
nel. The UE having received this information stands by until
receiving a response message for the RRC message, which
was sent by the UE itself, from the network. For instance, in
case of transmitting an RRC connection request message, a
UE awaits an RRC connection setup message after having
received a corresponding acknowledgement.

In the above process, in case of not receiving the acknowl-
edgement via the physical channel from the network within a
predetermined time after having transmitted the RRC mes-
sage via the channel, the UE immediately retransmits the
RRC message.

In the above process, the physical channel, via which the
UE performs the acknowledgement, is transmitted to the UE
via a downlink physical channel with a duration after the UE
has transmitted the RRC message or after the UE has per-
formed a data transmission via an uplink physical channel.
And, the physical channel is able to transmit 1-bit information
to the UE.

In a second example of making a response immediately, a
network having received an RRC message from a UE informs
the UE of an estimated time at which the network will send a
response. Substantially, in case of being overloaded, the net-
work will preferentially handle a job having a high priority.
Although an RRC connection request message having sent by
aspecific UE is correctly received by a network, if jobs having
high priorities are left undone, a maximum time T300 for the
UE to await a response message may be exceeded. So, if the
UE retransmits the RRC connection request message, it
would result in a job overload of the network. Hence, it would
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be helpful if the network informs the UE of an estimated time
for sending a response to the UE. The UE receives the mes-
sage and then stands by for the corresponding time. Even if a
timer t300 expires in the course of the standby, the UE awaits
an RRC response message for the time informed by the net-
work. In case of failing to receive the RRC response message
from the network, the UE newly transmits a message or
performs another process.

Third Embodiment

A third embodiment according to the present invention
proposes a method of operating a new RLC entity and a
format of a new RLC message.

A method of operating a new RLC entity according to a
third embodiment of the present invention is explained as
follows.

First of all, an RLC entity substantially performs an opera-
tion of delivering an RLC SDU received from an upper layer
or an operation of recovering RL.C SDU by combining RL.C
PDUs delivered from a lower layer and delivering the RLC
SDU to anupper layer. So, the RLC entity operates regardless
of contents of data transmitted by the RLC entity itself. A
defined format of RLC PDU does not indicate what is a target
of the RLC SDU.

Specifically, in case that an RLC entity is mapped to a
channel shared by a plurality of UEs, The RLC entity delivers
all kinds of messages received and decoded successfully by
the RLC entity itself to an upper layer. And, the RLC entity
discards RLLC PDU received in part by the RLC entity itself.
Yet, most of RRC messages including an RRC message trans-
mitted via a common channel for example indicate which UE
is targeted through a specific part (e.g., first part) of the
corresponding message. Namely, if a specific RLC SDU is
segmented into several parts, a receiving side is able to know
who is targeted by a corresponding RRC message in case of
receiving a first part correctly.

In particular, an RLC entity is able to know whether a
segment of RL.C SDU included in a received RLC PDU is a
first part or not using several LIs. And, a physical layer is able
to verify whether each RLC PDU is erroneous. So, for RLC
PDU received via a common channel, although an RL.C entity
is unable to receive all RLC PDUs associated with the RLC
PDU, if the RLC PDU includes a first part of a specific RLC
SDU and if the RLC PDUs are free from CRC error, the RLC
entity extracts parts of the RLC SDU consecutively extract-
able from the RLC PDU and consecutive RLC PDUs from the
RLC PDU, delivers the extracted parts to an RRC end and
informs the RRC end that it is an incomplete RLC SDU.

An RRC entity having received this checks whether its
identity is included by interpreting a first part using a portion
of'the RRC message. Ifits identity is included, the RRC entity
recognizes that the RRC message transmitted to the RRC
entity fails in transmission and then decides that it is unable to
correctly receive a response awaited by the RRC entity itself.
The RRC entity then immediately re-performs an RRC pro-
cess attempted by the RRC entity itself. For instance, if a UE
is awaiting an RRC connection setup message and if an RL.C
entity delivers an RRC message including a first part together
with an indication of an incomplete reception, an RRC entity
checks whether its identity is included in the RRC message
delivered in part from the RLC. If its identity is included as a
result of the check, the RRC entity decides that it fails in an
RRC connection setup message reception and then immedi-
ately initiates an RRC connection request message transmis-
sion again.
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Of course, if the RRC connection request message is trans-
mitted by exceeding a maximum allowable count of RRC
connection request message transmissions, the RRC stops al
operations and preferably informs an upper layer of it.

In the above process, the identity of the RRC entity means
such an identity as an RNTI, an IMSI (international mobile
station identity) used by an upper layer, a P-TMSI (packet
temporary mobile subscriber identity), a TMSI (temporary
mobile subscriber identity) and the like.

In summary, through the above-explained operations,
unlike the related art, an RLC entity according to the third
embodiment of the present invention does not delete a corre-
sponding SDU and PDUs corresponding to the corresponding
SDU even if a successtul recovery of SDU is impossible. In
particular, in case that a first part of SDU is correctly received,
it is able to recognize a recipient of a message. So, a portion
of RLC PDU, which is recoverable in case that there is no
error for RLC PDUs including a first part of a specific RLC
PDU, is transmitted to an upper layer.

A format of a new RLC message proposed by a third
embodiment of the present invention is explained as follows.

First of all, a MAC layer is able to send a response to a UE
using a higher identity of UE. Alternatively, an identity of UE
can be added by extending a header part of RLC PDU. In
particular, when a network sends an RRC message via the
above channel, an RLC entity to which the RRC message is
mapped transmits the RRC message by including an identity
in an RLLC PDU. In case of receiving any one RLC PDU
corresponding to the RRC message, a UE is able to know that
a network has made a response to the RRC message having
been sent by the UE side. In this case, in case of failing to
completely recover RL.C SDU connected to the RL.C PDU,
the UE is able to send the RRC message to the network by
performing an RRC process again. Through this, fast trans-
mission and reception of RRC message are enabled.

Preferably, the RRC process is a process for transmitting an
RRC connection setup message. Preferably, in the process,
the message sent by the network to the UE includes a cell
update confirm message. In particular, in case that commu-
nications between cell-A and cell-B are performed according
to a movement of the UE, a cell update procedure for the
cell-B is executed. In the cell update procedure, a cell update
confirm message is transmitted by network. In this case,
information for identifying a UE can be included in the cell
update confirm message.

Accordingly, the present invention provides the following
effects or advantages.

First of all, a mobile terminal is able to perform an RRC
connection process without an unnecessary standby.

Secondly, a cell update procedure can be performed faster
by a control information processing method according to the
present invention.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A method for processing one or more protocol data units
(PDUs) at a radio link control (RLC) layer by a user equip-
ment (UE) in a wireless communication system, the method
comprising:

receiving, by the UE, the one or more PDUs repeatedly

from a single transmitting end via a common control
channel (CCCH);
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receiving size information for a receive window and timer
value information for a timer from an upper layer; and

re-ordering, by the UE, the received one or more PDUs
using the receive window, the timer, and sequence num-
bers of the received one or more PDUs when a re-
ordering function is used in an unacknowledged mode
(UM),

wherein whether the re-ordering functionis used in the UM
is indicated by a re-ordering indication received from the
upper layer.

2. The method of claim 1, wherein, when the re-ordering
function is not used in the UM, the method further comprises:

recovering, by the UE, at least one service data unit (SDU)

from the one or more PDUs without the re-ordering; and
delivering, by the UE, the at least one SDU to the upper
layer.

3. The method of claim 1, wherein, when the re-ordering
function is used in the UM, the method further comprises:

processing, by the UE, the re-ordered one or more PDUs to

reassemble at least one service data unit (SDU); and
delivering, by the UE, the reassembled at least one SDU to
the upper layer.

4. The method of claim 1, wherein the receive window is
used for managing a range of sequence numbers of PDUs that
can be expected to be received based upon a received PDU.

5. The method of claim 1, wherein the receive window is
updated after processing the re-ordered one or more PDUs.

6. The method of claim 1, wherein the timer is used for
operating a reordering timer for the received one or more
PDUs that remain in the receive window without having been
reserved for reassembly, such that the received one or more
PDUs that remain in the receive window are processed after a
lapse of a certain amount of time regardless of whether other
PDUs are received.

7. The method of claim 1, wherein the timer is used to limit
a duration during which the one or more PDUs are received
and temporarily stored in a buffer for re-ordering.

8. The method of claim 1, further comprising:

discarding, by the UE, a newly received PDU if the newly

received PDU has a same sequence number as a previ-
ously received PDU.

9. The method of claim 1, wherein the one or more PDUs
are generated from a radio resource control (RRC) connec-
tion setup message.

10. The method of claim 1, wherein the receive window is
used for temporarily storing the received one or more PDUs
and enabling out-of-sequence PDUs to be arranged in
sequence to provide the re-ordered one or more PDUs.

11. A user equipment (UE) configured to operate in a
wireless communication system, the UE comprising:

a transceiver for receiving radio signals; and

a radio link control (RLC) entity configured to:

receive one or more PDUs repeatedly from a single trans-

mitting end via a common control channel (CCCH)
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through the receive size information for a receive win-
dow and timer value information for a timer from an
upper layer, and re-order the received one or more trans-
ceiver;

PDUs using a receive window, a timer, and sequence num-
bers of the received one or more PDUs when a re-
ordering function is used in an unacknowledged mode
(UM), wherein whether the re-ordering function is used
in the UM is indicated by re-ordering indication received
from an upper layer.

12. The user equipment (UE) of claim 11, wherein, when
the re-ordering function is not used in the UM, the RLC entity
is further configured to:

recover at least one service data unit (SDU) from the one or
more PDUs without the re-ordering; and

deliver the at least one SDU to the upper layer.

13. The user equipment (UE) of claim 11, wherein, when
the re-ordering function is used in the UM, the RLC entity is
further configured to:

process the re-ordered one or more PDUs to reassemble at
least one service data unit (SDU); and

deliver the reassembled at least one SDU to the upper layer.

14. The user equipment (UE) of claim 11, wherein the
receive window is used for managing a range of sequence
numbers of PDUs that can be expected to be received based
upon a received PDU.

15. The user equipment (UE) of claim 11, wherein the
receive window is updated after processing the re-ordered
one or more PDUs.

16. The user equipment (UE) of claim 11, wherein the
timer is used for operating a reordering timer for the received
one or more PDUs that remain in the receive window without
having been reserved for reassembly, such that the received
one or more PDUs that remain in the receive window are
processed after a lapse of a certain amount of time regardless
of whether other PDUs are received.

17. The user equipment (UE) of claim 11, wherein the
timer is used to limit a duration during which the one or more
PDUs are received and temporarily stored in a buffer for
re-ordering.

18. The user equipment (UE) of claim 11, wherein the RLC
entity is further configured to:

discard a newly received PDU if the newly received PDU
has a same sequence number as a previously received
PDU.

19. The user equipment (UE) of claim 11, wherein the one
or more PDUs are generated from a radio resource control
(RRC) connection setup message.

20. The user equipment (UE) of claim 11, wherein the
receive window is used for temporarily storing the received
one or more PDUs and enabling out-of-sequence PDUs to be
arranged in sequence to provide the re-ordered one or more
PDUs.



